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(54) PRODUCTION METHOD FOR FULLERENE SELECTIVELY INCLUDING ISOTOPE ATOM BY 
ION IMPLANTATION METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method by which a 
radioactive isotope is included into fullerene by an ion 
implantation method. 

SOLUTION: The production method for fullerene including a ' 
specific isotope such as a radio active isotope is a method 

Implanting the isotope using fullerene or a fullerene derivative i ~V......^.^.^.....~ .... — 

i ^ *\ «'* ^^^^^ 

as a target and an ion injector equipped with a mass ^"^^"^"^ t 

spectrometry magnet. 
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CLAIMS 

[Claim(s)] 

[Claim 1]A manufacturing method of atomic intension fullerene targeting fullerene and a fullerene 
derivative and carrying out the ion implantation of the specific isotopes, such as radioisotope, using 
an ion-implantation machine equipped with a mass analysis magnet. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to making fullerene include radioisotope etc. 
Ion implantation is used in order to manufacture isotope intension fullerene. 

[0002] 

[Description of the Prior Art]As a manufacturing method of intension fullerene using ion implantation, 
alkali element intension fullerene (Tellgmann R. et al., Nature 382, and 407-408 (1996).), such as Li 
N intension fullerene (Weidinger A, et al., Appl. Phys. A 66, and 287-292) and (1998) helium. Ne 
intension fullerene (Shimshi R. et al., J. Am. Chem. Soc. 119, and 1163-1164) (1997) etc. are 
reported. These are all the manufacturing methods about non-isotope alternative intension fullerene. 
The manufacturing method of the fullerene which included Xe-127 which is a radioactive isotope of a 

xenon ^^'"^^ (Qhtsuki T, et al. and Physical Review Letters 81,967-970 (1998)) using the anti-** energy in a '127^^ 

two n) ^^^Xe reaction is reported. 

[0003]However, when a nuclear reaction is used, radioisotope intension fullerene other than the 
purpose may generate. The target isotope is included in a carbon rod electrode, and the method of 
manufacturing isotope intension fullerene by arc discharge process is reported (Ambe F., J. 
Radioanal. Nucl. Chem. 243, and 21-25 (2000)). However, various-sorts generation of the fullerene 
kind of metallofullerene made by this method cannot be carried out, and it cannot make intension 
fullerene of arbitrary fullerene kinds. 
[0004] 

[Problem(s) to be Solved by the !nvention]although the manufacturing method of Li by an ion 
implantation, N, helium, and Ne intension fullerene is reported as a Prior art ~ these ~ all ~ a non- 
isotope - it is alternative. Although the manufacturing method of radioisotope intension fullerene 
using a nuclear reaction is reported, isotope intension fullerene other than the purpose cannot 
generate, and single isotope intension fullerene cannot be made. 



httr)://\vww4.iDdl.inDit.eo.iD/cei-biri/tran web cei eiie?atw u=httD%3A%2F%2Fwww4.iDdl.inDit... 3/16/2010 



JP,2002-2555 1 8,A [DETAILED DESCRIPTION] Page 2 of 3 

[0005]Although the manufacturing method of isotope intension fullerene using arc discharge process 
is reported, This cannot generate intension fullerene of arbitrary fullerene kinds (in addition to this, 
existence of many fullerene kinds is clear including fullerene derivatives, such as Cg^, C^^, and Cg2)- 

Then, this invention Is originated in order to solve these problems. 

[0006] 

[Means for Solving the Problem]This invention can manufacture intension fullerene which does not 
contain any isotopes other than the purpose by using an ion-implantation machine in which an ion 
implantation of a single isotope is possible. Intension fullerene of arbitrary fullerene kinds can be 
manufactured from the ability of fullerene kinds arbitrary as a target of an ion implantation to be 
chosen. 
[0007] 

[Embodiment of the Invention]! n order to carry out the ion implantation of the single isotope by this 
invention about an ion implantation with an ion-implantation machine, the ion-implantation machine 
(drawing 1) provided with the mass analysis magnet is used.The outline of the ion-implantation 
machine is shown below. The target 4 is installed in the target chamber 3 of an ion-implantation 
machine, and an ion implantation is performed in a vacuum. At this time, various ion generated by the 
ion source 1 is carried by the mass analysis magnet 2 as an ion beam. Since mass separation of an 
ion beam is performed here, the ion implantation only of the target isotope ion beam 5 is carried out 
to the target 4. 

[0008]As a target of an ion implantation, arbitrary fullerene kinds also including a fullerene derivative 
are used about a target. The ion-implantation machine used by this invention is usually worked by 40 
keV in order to carry out mass separation of the specific isotope, but since it is too high as incidence 
energy of isotope ion when manufacturing isotope intension fullerene, the ion needs to be slowed 
down. Then, how [ two ] the retardation methods shown below differ are used. 

(1) Mix fullerene and a moderator (powder, such as Csl) at an arbitrary rate, create the target of a 
pellet type, and perform the ion implantation of an isotope to this. 

(2) Vapor-deposit fullerene to a metallic foil and create a thin film target. The slit which applied the 
voltage of + to the front face of this thin film target as a reduction gear is installed, and the ion 
implantation of an isotope is performed. Xe-133 which is radioisotope is mentioned as an example 
below, and the concrete example of this invention is shown. 

[0009] 

133 

[Example] Xe gas 200 MBq was transported to the 3.8-1. sample cylinder by the vacuum line. The 

129 3 

same cylinder was filled up also with the Xe enriched isotope of about 3 cm as an index of the 
mass in mass separation. This cylinder was connected to the Nielsen type ion source of an ion- 

133 

implantation machine, and the Ion implantation of the Xe was carried out to the fullerene which is a 
target in 40 keV. The target was created by two kinds of methods. The 1st considered CsCl (0.8g) as 
the support, it carried out application-of-pressure molding of what mixed the fullerene (Cg^) of 50 mg, 
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and Csl of 18 mg, and produced the pellet (diameter 18 mm), the 2nd uses an evaporation apparatus 
- Ni foils (25x25 mm) - fullerene (Cgg) - about - that of which 1 .5 mum vacuum evaporation was 

done was targeted. When using this Ni-foils evaporation target, the slit which applied the voltage of + 
to the front face of a target as a reduction gear was installed, and 0.5 - 3 keV was made to slow down 

133 + 

Xe ion. These targets were dissolved in o-dichlorobenzene after the ion implantation, and high 
performance chromatography (HPLC) analyzed fullerene. The eluate was isolated preparatively and 
the radioactivity of Xe-133 was measured. Since the peak of the fullerene by HPLC and the peak of 
Xe-133 in an eluate were in agreement, it was checked that Xe-133 intension fullerene is generating. 
The rate of the radioactivity of Xe-133 included by the fullerene to the radioactivity of all the Xe-133 
by which the ion implantation was carried out to the target was computed as capture probability. 
[Equation 1] 



When the pellet created on the conditions mentioned above was used, capture probability showed the 
maximum (0.28%) at the present stage. Isolation of the Xe-133 intension fullerene from the fullerene 
which is a target, It is theoretically possible by using HPLC (DiCamillo B. A. etal., J. Phys. Chem. 100 
(22), and 9197-9201 (2000)). Although the example of the ion implantation of Xe-133 was shown 
here, if it is an ionizable isotope, all the isotope intension fullerene of them can be theoretically made 
using this invention. 
[0010] 

[Effect of the lnvention]By this invention, the isotope intension fullerene of arbitrary fullerene kinds 
can be made, excluding any isotopes other than the purpose. The created isotope intension fullerene 
may be use by nuclear medicine. It is thought that it can be used as a remedy of cancer if Xe-133 
intension fullerene is changed into a chemical form which gather for cancer, since Xe-133 of an 

example is a beta ' line emission nuclide. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1]lt is a figure showing the ion-implantation machine for manufacturing isotope intension 
fullerene. 

[Description of Notations] 
1 Ion source 

2 Mass analysis magnet 

3 Target chamber 

4 Target 

5 The target isotope ion beam 
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DRAWINGS 
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(54) SPUTTERING APPARATUS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To improve a productivity in an 
inductively coupled high-frequency plasma sputtering apparatus 
by increasing a film-forming rate. 

SOLUTION: The apparatus is equipped with a target 2 to which 
a direct current power or a high-frequency power is fed and a 
high-frequency coil 3 to which the high-frequency power is fed 
inside a vacuum chamber 1 . The apparatus efficiently uses 
high-density plasma by placing a sputtering surface of the 
target 2 inside the high-frequency coil 3 having high plasma 
density. 
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CLAIMS 

[Claim(s)] 

[Claim 1]A sputtering system which is provided with the following and characterized by having 
arranged a sputtering surface of said target inside said high frequency coil. 
A target with which direct current power is supplied in a vacuum chamber. 
A high frequency coil in which high-frequency power is supplied. 

[Claim 2]The sputtering system according to claim 1 which replaced with said target at said direct 
current power, and enabled supply of high-frequency power. 

[Claim 3]While making said target into a rod-like structure prolonged in a longitudinal direction, 
making the end side of the longitudinal direction insertion inside said high frequency coil and 
considering it as said sputtering surface, The sputtering system according to claim 1 or 2 which a 
sputtering surface by the side of this end makes move said target to a longitudinal direction, and 
supplies according to consumption of a target material by the side of said end so that it may be 
located inside said high frequency coil. 

[Claim 4]The sputtering system according to any one of claims 1 to 3 which said target was used as a 
main target, and this main target has been arranged at one end slippage of said high frequency coil, 
and has arranged an annular auxiliary target in which direct current power is supplied in said vacuum 
chamber to the other end side of said high frequency coil. 

[Claim 5]The sputtering system according to claim 4 which replaced with said auxiliary target at said 
direct current power, and enabled supply of high-frequency power. 

[Claim 6]The sputtering system according to any one of claims 1 to 5 provided with a magnetic field 
applying means which adds a vertical DC magnetic field to weld slag space to a medial axis inside 
said high frequency coil. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]Especially this invention relates to the sputtering system which obtained high 
density plasma by inductive-coupling type high frequency discharge in more detail about various 
kinds of high quality needed in the field of micro-machining art or surface treatment art. and a suitable 
sputtering system to create a highly efficient thin film efficiently. 
[0002] 

[Description of the Prior Art]The sputtering technique which is one of the thin-film-forming methods 
has many features ~ that the kind of thin film-ized material can be chosen broadly, or the bond 
strength to the substrate of a formation film is high. Although membrane formation speed was slow 
and the application to a manufacturing system had a limit also about the sputter deposition rate by an 
early direct-current monotonous two pole sputtering technique and high frequency two pole sputtering 
technique, this problem improves dramatically by development of magnetron sputtering equipment 
and an opposite target type sputter device. For this reason, these sputtering techniques occupy the 
central status in various kinds of thin-film-forming methods now. 

[0003]Since most sputtered particles are in a neutral state electrically and sputtered particles are 
scattered about by the collision with discharge support gas particles, such as argon, during flight 
toward a substrate by these sputtering techniques on the other hand, it is dramatically difficult to 
control the energy and its orbit of the deposition sputtered particles which enter into a substrate face. 
Therefore, correspondence is becoming difficult at manufacture of the applicable field which has 
accomplished remarkable development, for example, micro [ which need a quality thin film ], and a 
super-high-density electronic circuit, or development of a new highly efficient element. 
[0004]As one of the means to solve these problems, a helical antenna coil is installed ahead of the 
target of the magnetron sputtering equipment of a conventional type, and the high-frequency- 
discharge plasma support type magnetron sputtering equipment which supplied high-frequency 
power to this is developed in recent years. In this device, the degree plasma of high-density required 
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for high-speed weld slag, It has generated by the magnetron discharge by the direct current power or 
high-frequency power supplied mainly to a target, and a helical antenna coil bears the duty of 
ionization of discharge support gas or sputtered particles chiefly. 

[0005]lt is necessary to install a magnet in the back side of a target material, and to generate a 
magnetic field required for magnetron discharge near the surface of this in this method. For this 
reason, the structure of a cathode electrode of holding a target not only becomes complicated, but the 
thickness of a target has restrictions. In a ferromagnetic material like especially iron, the thickness of 
this is restricted to several millimeters or less. Weld slag material is exhausted locally and worsens 
utilization efficiency of material dramatically. 

[0006]As what made possible the high-speed weld slag of this ferromagnetic material, an inductive- 
coupling type high frequency plasma sputtering system is devised by the applicant for a patent 
concerned, It is already opened to the public by literature, for example, 

M.YamashitaJ.Vac.Sci.Technol., A7, 151(1 989). Mutsuo YamashitaJ.Vac.Sci.Jpn (vacuum), Vol.44, 
No5, and 32 (2001). 

[0007]This inductive-coupling type high frequency plasma sputtering system. As shown in drawing 4, 
between the plate-like target 2 and the substrate holding stand 6 holding the substrate 5, Install the 
high frequency antenna coil 3 and this high frequency antenna coil 3 is received, After making the 
weld slag space 9 generate high-density plasma beforehand by supplying high-frequency power via 
the impedance matching circuit (matching box) 7 from the RF generator device 8, direct current 
power is supplied to the target 2 from DC power supply 11, and it is made to perform high-speed weld 
slag at it. An exhaust port to exhaust 4 to a plasma shield grid and for 24 exhaust the inside of the 
vacuum chamber 1 to a vacuum and 25 are gas inlets which introduce sputtering gas, such as argon 
gas. 

[0008]This sputter device has the following features compared with a magnetron type sputter device 
or high-frequency-discharge plasma support type magnetron sputtering equipment. 

(1) Plasma required for ionization of high-speed weld slag and sputtered particles is generated with the 
high-frequency power chiefly supplied to the high frequency antenna coil 3, and the generated 
plasma is shut up into this coil 3. For this reason, even if it does not constitute a magnetic circuit 
special to the target 2 circumference, the plasma density of weld slag space turns into high density 

12 2 

10 / more than cm , for example. 

(2) Since the structure of a cathode electrode of holding the target 2 from the thing of the above (1) 
becomes easy and high-speed weld slag becomes possible like a nonmagnetic material also to a 
ferromagnetic material with a thickness of not less than 10 mm, the restrictions to the kind and shape 
of a target material are eased substantially. 

(3) Since the material of the target 2 is exhausted almost uniformly throughout a sputtering surface, 
the utilization efficiency of material is dramatically good, and also after operating for a long time, a 
discharge characteristic and the weld slag characteristics (a sputtering rate, the directivity of 
sputtered particles, etc.) hardly change. 
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(4) Since a sputtering rate increases linearly also to the voltage of the target 2, and any of high- 
frequency power, its controllability of a sputtering rate is dramatically good. The stability to change of 
discharge-gas-pressure power, target voltage, etc. is also dramatically excellent. 

(5) the ionization rate of sputtered particles is markedly alike compared with it of the usual sputter 
device, and high, and since the energy of ion has gathered, formation membraneous quality is 
substantially controllable by the electric field or a magnetic field. 

[0009] 

[Problem(s) to be Solved by the Invention] However, following SUBJECT occurs in such a 
conventional sputter device. 

(1) A sputtering rate and the plasma density directly related to ionization of sputtered particles 
become high in the central part of the high frequency antenna coil 3. However, since it is in the 
outside of the high frequency antenna coil 3 which separated from the field where this plasma density 
is high as the sputtering surface of the target 2 is shown in drawing 4, the generated high density 
plasma is not used efficiently because of weld slag. 

(2) The portion of the side which some high frequency antenna coil materials carry out weld slag 
depending on weld slag conditions although it is small, and it has not faced the target 2 of the high 
frequency antenna coil 3 in particular, Since the target material by which weld slag was carried out 
does not adhere, the weld slag of the high frequency antenna coil material is carried out, and this 
mixes into a formation film and may reduce the purity of a formation film. 

(3) Since the electric power supplied to the target 2 is only direct current power, the weld slag of the 
dielectric materials, such as quartz or alumina, cannot be carried out. 

(4) The weld slag characteristic gets worse with reduction of discharge-gas-pressure power, in the 

low-gas-pressure power field below 10 Pa, discharge stops and weld slag membrane formation 
becomes impossible. 

(5) Since the target 2 is quickly corroded and exhausted by high-speed weld slag, when covering a 
long time and running continuously, the life of this becomes a problem dramatically. 

[0010]ln view of the above points, it succeeds in this invention, and it aims at improvement in the fast 
performance of this device, and expansion of an application range by solving many above-mentioned 
problems, harnessing many outstanding features which an inductive-coupling type high frequency 
plasma sputtering system has. 
[0011] 

[Means for Solving the ProblemJIn order to attain the above-mentioned purpose, it constitutes from 
this invention as follows. 

[0012]That is, a sputtering system of this invention was provided with a target with which direct 
current power is supplied in a vacuum chamber, and a high frequency coil in which high-frequency 
power is supplied, and arranges a sputtering surface of said target inside said high frequency coil. 
[0013]Since a sputtering surface of a target has been arranged inside a high frequency coil with high 
plasma density according to this invention, generated high-density plasma will be used efficiently 
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because of weld slag, membrane formation speed increases, and productivity improves. 
[0014]ln one embodiment of this invention, it replaces with said target at said direct current power, 
and supply of high-frequency power is enabled. 

[0015]Since according to this invention it can replace with a target at direct current power and high- 
frequency power can also be supplied, it also becomes possible to carry out the weld slag of the 
dielectric materials, such as quartz and alumina. 

[0016]While making said target into a rod-like structure prolonged in a longitudinal direction in other 
embodiments of this invention, inserting the end side of the longitudinal direction inside said high 
frequency coil and considering it as said sputtering surface, According to consumption of a target 
material by the side of said end, a sputtering surface by the side of this end makes it move to a 
longitudinal direction, and supplies said target so that it may be located inside said high frequency 
coiL 

[0017]Here, if a rod-like structure is cylindrically prolonged in a longitudinal direction, the thickness is 
not limited not only in linear shape, but a thin line object, a columnar body, etc. are not necessarily 
included. 

[0018]According to this invention, even if a target is quickly corroded and exhausted by high-speed 
weld slag, by moving a target of a rod-like structure prolonged in a longitudinal direction, a target 
material can be supplied and continuous running covering a long time becomes possible by this. 
[0019]ln a desirable embodiment of this invention, said target was used as a main target, and this 
main target has been arranged at one end slippage of said high frequency coil, and arranges an 
annular auxiliary target in which direct current power is supplied in said vacuum chamber to the other 
end side of said high frequency coil. 

[0020]Here, material of a main target and an auxiliary target may be the same, and it may differ, and 
when it is considered as a different material, membrane formation which a different material mixed 
can be performed. 

[0021]According to this invention, since an auxiliary target by the side of the other end has been 
arranged to one end slippage of a high frequency coil, a main target to a high frequency coil. A target 
material adheres from both targets, and while being able to prevent weld slag of high frequency coil 
material and being able to prevent a purity fall of a formation film by this, since the weld slag of the 
two targets is carried out simultaneously, membrane formation speed can be raised. 
[0022]ln other embodiments of this invention, it replaces with said auxiliary target at said direct 
current power, and supply of high-frequency power is enabled. 

[0023]Since according to this invention it can replace with direct current power and high-frequency 
power can also be supplied, it also becomes possible to carry out the weld slag of the dielectric 
materials, such as quartz and alumina. 

[0024]ln an embodiment of further others of this invention, it has a magnetic field applying means 
which adds a vertical DC magnetic field to weld slag space to a medial axis inside said high 
frequency coil. 
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[0025]According to this invention, for example, high-speed weld slag stable also in a low-gas- 

pressure power field of a 10 Pa stand becomes possible, and the tracking of sputtered particles can 
be improved substantially. 

[0026] 

[Embodiment of the lnvention](Embodiment 1) Drawing 1 is an outline lineblock diagram of the 
sputtering system concerning one embodiment of this invention. 

[0027]The vacuum chamber 1 is carrying out cylindrical shape 160 mm in diameter, and 100 mm in 
height, consists of metal, for example, stainless steel, and is grounded, for example. While the plate- 
like main target 2, the spiral high frequency antenna coil 3, and the plasma shield grid 4 are installed 
in the inside of this vacuum chamber 1 , the main target 2 is countered and the substrate 5 is held at 
the substrate holding stand 6. An exhaust port for 24 to exhaust the inside of the vacuum chamber 1 
to a vacuum and 25 are gas inlets which introduce sputtering gas, such as argon gas. 
[0028]The main target 2 is carrying out 100 mm and 5-mm-thick discoid from 40 mm in diameter, for 
example, and water cooling is given from the back. 

[0029]For example, using a copper pipe 6 mm in diameter, bending of the high frequency antenna 
coil 3 for plasma excitation is spirally carried out so that it may become 60 mm - 120 mm in diameter, 
and four to six numbers of turns, and he is trying to let cooling water pass in this copper pipe. This 
high frequency antenna coil 3 is connected to the RF generator device 8 with a frequency of 13.56 
MHz via the impedance matching circuit 7. 

[0030]The plasma shield grid (mesh grid electrode) 4 of about 24 meshes which consists of stainless 
steel etc., At the same time it shuts up the plasma generated by radio-frequency energy into the high 
frequency antenna coil 3 and raises the plasma density of the weld slag space 9, It prevents plasma 
contacting the substrate 5 at the time of membrane formation, and important work is carried out when 
controlling the energy of the ionization sputtered particles which enter into the substrate 5 using 
plasma potential controllable by the auto-bias resistance further connected to the matching circuit 
which is not illustrated. 

[0031]According to this embodiment, the main target 2 is installed so that it may come to inside about 
10 mm, namely, so that a sputtering surface may be located inside spiral from the end of the high 
frequency antenna coil 3, for example. 

[0032]The circular auxiliary target 10 the outer diameter of 100 mm and 60 mm in inside diameter is 
arranged, and this auxiliary target 10 is water-cooled at the other end side of the high frequency 
antenna coil 3, for example. 

[0033]The switch circuits 17 and 18 are established in these two targets 2 and 10 so that 13.56-MHz 
high-frequency power can be switched and supplied via the impedance matching circuits 15 and 16 
from the direct current power or the RF generator devices 13 and 14 from DC power supplies 1 1 and 
12. 

[0034]The substrate holding stand 6 can impress now direct current voltage for board bias for 
example, 0, and -300V, or high frequency voltage with a frequency of 13.56 MHz if needed, as shown 
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in a figure. 

[0035]Next, the operation of the device of this embodiment is explained. 

[0036]First, after exhausting the inside of the vacuum chamber 1 , the argon gas of a high grade is 
introduced in the vacuum chamber 1. the gas pressure is made into a predetermined pressure, for 
example, 5 Pa, and predetermined high-frequency power with a frequency of 13.56 MHz, for 
example, 300W, is applied to the high frequency antenna coil 3. Discharge of argon gas starts at this 
time, and the generated plasma is shut up nearly thoroughly into the high frequency antenna coil 3, 

12 3 

for example, becomes high-density [10 /cm stand ], and emits light intensely with a red purple 
color peculiar to argon gas. 

[0037]Next, if the direct current voltage for weld slag of -200V - -1000V is applied to the main target 2 
and the auxiliary target 1 0, respectively, a lot of not less than 800-mA shock ion current will flow, and 
high-speed weld slag will start. Thus, the generated high-density sputtered particles are received from 
the argon atoms which excited energy still more nearly required for ionization during flight toward the 
substrate 5 at high frequency electromagnetic field, argon ion, or metastable level, and are ionized at 
a very high rate. The color of the weld slag space at this time changes to a thing peculiar to a target 
material. For example, in the case of iron, in the case of copper, it becomes green blue. 
[0038]Generating of high density plasma is performed in this embodiment by the radio-frequency 
energy chiefly added to the high frequency antenna coil 3, A direct current or radio-frequency energy 
added to both the targets 2 and 10 is used to make the positive ion in plasma collide on the surface of 
this, and to carry out weld slag, and has hardly contributed to generating of plasma. Therefore, thin 
film-ized materials, such as various shape, for example, rod form, and thin line state, can be used as 
a target. 

[0039](Embodiment 2) Drawing 2 is an outline lineblock diagram of the sputtering system concerning 
other embodiments of this invention, and gives the same reference mark to the portion corresponding 
to an above-mentioned embodiment. 

[0040]ln this embodiment, replace with the plate-like main target 2, for example, the cylindrical main 
target 2-1 15 mm in diameter is used, While tip part 2-1 a which is an end side of this main target 2-1 
installs so that it may come to the central part of the high frequency antenna coil 3, it left the tip part of 
this, for example. 10 mm - 15 mm. and it maintained other portions at earth potentials, for example, 
has covered them with the copper pipe 19 20 mm in diameter. By this, ion comes to carry out the 
shock only of the tip part 2-1 a of the main target 2-1. Therefore, temperature rises locally at the same 
time the weld slag of this tip part 2-1 a is carried out at high speed. The amount of weld slag not only 
increases, but by this rise in heat, depending on material, it will come to be accompanied by 
sublimation or evaporation, and membrane formation speed will increase quickly. 
[0041 ]ln this embodiment, on the outside of the base of the copper pipe 19. While arranging the 
annular magnet 20, while being equipped with the ferromagnetics 21, such as nickel, the main target 
2-1 is slidably supported by other end 2-1 b of the main target 2-1 in the copper pipe 19 by the support 
member 22 at the longitudinal direction (axial method). 
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[0042]A target material can be continuously supplied by storing a lot of weld slag materials, moving 
the magnet 20 for the daily dose exhausted during operation, and moving the main target 2-1 by this, 
[0043]The transfer rod using long bellows etc., etc. may constitute the moving mechanism of the main 
target 2-1 . It may enable it to supply a target material from the outside of a vacuum chamber with a 
Wilson seal etc. 

[0044]The sputtering system of this embodiment not only can fit the continuous high-speed weld slag 
membrane formation covering a long time in this way, but is applicable to the rare material of thin line 
state. 

[0045]Other composition is the same as that of above-mentioned Embodiment 1 . 
[0046](Embodiment 3) Drawing 3 is an outline lineblock diagram of the sputtering system concerning 
the embodiment of further others of this invention, and gives the same reference mark to the portion 
corresponding to above-mentioned Embodiment 1. 

[0047]According to this embodiment, on both sides of the vacuum chamber 1, the placed opposite of 
the magnet 23 of the couple as a magnetic field applying means which adds a vertical DC magnetic 
field to the weld slag space 9 to the medial axis 26 of the spiral shown with the imaginary line inside 
the high frequency antenna coil 3 is carried out to the outside of the vacuum chamber 1. 
[0048]ln this embodiment, with these magnets 23, tens of gauss, for example preferably, It will be in 
the state of a kind of ECR discharge, and came to be able to perform high-speed weld slag stable 

-1 -2 

also in the low-gas-pressure power field of 10 Pa - a 10 Pa stand by adding a 10-30 gauss DC 
magnetic field, for example. 

[0049]The magnet 23 may be not only a couple but one piece, or three pieces or more. 

[0050]Other composition is the same as that of above-mentioned Embodiment 1. 

[0051](Other embodiments) In above-mentioned Embodiment 2, it may constitute so that the magnet 

23 of Embodiment 3 may be formed and a DC magnetic field may be impressed. 

[0052] 

[Effect of the lnvention]Since the sputtering surface of a target has been arranged inside a high 
frequency coil with high plasma density as mentioned above according to this invention, the 
generated high-density plasma will be used efficiently because of weld slag, membrane formafion 
speed improves, and productivity improves. 

[0053]Since the auxiliary target has been arranged for the main target to the other end side, while 
being able to prevent the weld slag of high frequency coil material to one end slippage of a high 
frequency coil and being able to prevent the purity fall of a formation film to it, since the weld slag of 
the two targets is carried out simultaneously, membrane formation speed can be raised further. 
[0054]Even if a target is quickly corroded and exhausted by high-speed weld slag, by moving the 
target of the rod-like structure prolonged in a longitudinal direction, a target material can be supplied 
and continuous running covering a long time becomes possible by this. 
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JPG and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1]lt is an outline lineblock diagram of one embodiment of this invention. 

[Drawing 2]lt is an outline lineblock diagram of other embodiments of this invention. 

[Drawing 3]lt is an outline lineblock diagram of the embodiment of further others of this invention. 

[Drawing 4]lt is an outline lineblock diagram of a conventional example. 

[Description of Notations] 

1 Vacuum chamber 

2 and 2-1 main target 

3 High frequency antenna coil 

4 Plasma shield grid 

5 Substrate 

9 Weld slag space 

10 Auxiliary target 
23 Magnet 
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